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Why go underground?

Low Background Particle / Astroparticle Physics

• Direct dark matter searches

• Atmospheric, solar & supernova neutrinos

• Reactor and accelerator neutrinos

• Neutrino-less double beta decay

• Nuclear astrophysics / stellar reactions

• Misc. rare-decay processes

Other ‘Multi-disciplinary’ studies

• Pure and applied cosmic ray studies, 

• Gravitational waves studies

• Misc. Earth and Environmental Sciences

• Geo-microbiology & life in extreme environs

• Astrobiology and planetary exploration

• Quantum sensors, quantum computing

• Etc…

Deep Underground Science Themes 
Neutrino 

Studies

ULB Gamma 

spectroscopy
Life in 

Boulby 
salt

Geology &

geophysics

Biology, 

astrobiology and 

more.

Dark Matter 

Studies



What’s needed from an underground lab? (1)

Cosmic ray Muons…

• Deep underground facilities provide rock overburden & 

commensurate reduction in c.r. flux & spallation induced 

products (neutrons)

Neutrons… 

Production from

• c.r. muon spallation

• U/Th fission

• α, n reactions

Gammas….

• Reduction in γ-ray background at higher 

energies from c.r. and neutron reduction

• Below 3.5MeV dependent on local geology

Radon….

• Dependent on local geology 

& ventilation

Low Backgrounds…
Muon Flux vs. Depth

Gamma 

backgrounds

Boulby 1400

Go underground…

Choose low 

background rock…

Experimental Space with…



Underground Labs around the world….

Boulby

SURF

LNGS

JINPING

CALLIO LAB

In mines and 

under mountains

SNOLAB



Other Factors:

Facility Infrastructure, operations and support factors:

– Good surface & underground infrastructure & support facilities

– Reliable utilities: power, ventilation, heat management, water, gases/liquids

– Good Health & Safety and security systems

– Scientific and technical support personnel: design, construction, operation/analysis

– Ancillary science support facilities: low background assay systems, clean rooms 

workshops etc, etc …

Various other site characteristics that matter to science teams:

– Ease of Access (vertical or horizontal); Max installation size limitations

– Location (neutrino flux from beam/reactor, ease of travel, quality of life)

– Cleanliness, vibration and other interferences

– Suitable geology / environmental characteristics

‘A hole in the ground is 

not a facility!’

Local politics & science community: Solid host nation political and financial support, 
strong local science community involvement and support. 

Other non infrastructure-based 
things can be important too 

What’s needed from an underground lab? (2)



World Deep Underground Science Labs
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A large almost worldwide distributed infrastructure
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Review and update from a facilities 

perspective.
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- Submitted slides
- Facility websites

- Previous reviews
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From Takeda, LRT-24
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Super-K 2026: 

• Running with Gd 
doping since 2020

From Takeda, LRT-24



Masato, SHIOZAWA 2026



93.7m high

69m wide

Masato, SHIOZAWA 2026
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Since 2003

- KIMS (DM)

- COSINE (DM)

- AMoRE (0vBB)

- HPGe 

Y2L

(2003+)

(2022+)

Jungho So, 2026
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Multi-purpose
4 Institutes 

1 University
1 Company (startup)
→ 11 research topics

Space Lintech
(Space medicine)

KMA
(Earthquake)

Institute for 
Basic Science
(AMoRE-II)

Institute for Basic Science
(COSINE-100U)

Institute for 
Basic Science
(HPGe, Alpha 

counter)

Kyungpook National University
(KAPAE, 0  decay R&D)

KAERI
(Env. Radiation)

NIMS
(Gravity)

KIGAMS
(Geology)

KIGAMS
(Space 

Planting)

Institute for Basic Science
( EYE, proposed)

Institute for 
Basic Science
(YUNA@K, 
proposed)

Yemilab

Jungho So, 2026



AMoRE Hall
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China Jinping Underground Laboratory (CJPL)

CJPL-I
(4000 m3)

CJPL-II
（300,000 m3）

 Rock overburden 2400 m

 Muon flux 3.03×10−10 cm−2s−1

 Experimental space >330,000 m3

Astro. Phys. 172 , 103147, (2025) 

Yalong river 
hydroelectric 

project

2010+

2020+
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Large Shielding Facilities at CJPL-II

 Large Water Shielding 

in B2-Hall

 For PandaX LXe-TPC 

experiment

 Large LN2 Shielding in 

C1-Hall

 For CDEX HPGe DM & 

0𝛎𝛃𝛃 experiment

 Large PE Shielding 

Room in C2-Hall

 Total 16 low-BG HPGe 

γ spectrometers

1745 m3 LN2 Tank

LN filling completed

5500 m3 Water 1 m thick PE wall

GeTHU

➢ 15 low-BG γ spectrometers

ARGUS

➢ Ultralow-BG γ spectrometer

GeTHU ARGUS

Providing low γ/n environment  

Pit

Top view of the Tank

Look at the 

PandaX det.
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Research Activities at CJPL-II

JUNA
Jinping Underground Nuclear 

Astrophysics experiment

JNE
Jinping Neutrino Program

GeoDEX
Deep underground geologic time 

variation in-situ detector experiment

And more:

CUPID-CJPL
Mo-100 0𝛎𝛃𝛃 

NvDEX
Se-86 0𝛎𝛃𝛃

ICSER
Integrated Circuit Soft 

Error Research

…

PandaX
DM&0𝛎𝛃𝛃 via LXe-TPC

CJPL welcomes researchers worldwide to submit proposals!

PandaX-4T since 2020

PandaX-20T to come soon

CDEX – 300/1T to come 

soon

See talk by Zeng Zhi – Monday TAUP 25

CDEX
DM&0𝛎𝛃𝛃 via HPGe
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SURF Overview

Sanford Underground 

Research Facility (SURF)

Homestake mine, Lead, South 

Dakota, USA

Jaret Heise, Science Director

jaret@sanfordlab.org

Existing 

Science 

Facilities



Sanford Underground Research Facility
South Dakota Science and Technology Authority 21

SURF Science Program – Current Physics Highlights
Strong and diverse program with exciting future

LUX-ZEPLIN (LZ) 

• Direct search for dark matter using    
10 tonnes xenon

• World-leading WIMP-search results 
since 2022, Sep 2026 HENR event (!)

MAJORANA DEMONSTRATOR (MJD)

• Investigate neutrinoless double- 
beta decay using 44 kg Ge 

• Ge-76 DBD and Ta-180 decay 
complete, Cu e-forming continues

CASPAR 

• Stellar fusion reactions to study 
nucleosynthesis using accelerator 

• Initial phase 2015-2021, physics 
data resumed 2026 (19F)

SURF Overview | May 2026SURF Overview | Heise, September 2026



Sanford Underground Research Facility
South Dakota Science and Technology Authority

Long-Baseline Neutrino Facility (LBNF)
LBNF will host the Deep Underground Neutrino Experiment (DUNE)

22

Excavation complete 2024
Cryostat installation started spring 2026

Science starts early 2030

Operations until ~2050

2x Detector Caverns:
145m L x 20m W x 28m H
(475' L x 65' W x 92’ H)

1x Utility Cavern:
190m L x 20m W x 11m H
(624' L x 64' W x 37’ H)Concrete Supply Chamber

#6 Winze 

Rock Dump

Maintenance

Shop

Expanded Access Drifts
(5.2m W x 6.3m H)

Ventilation Borehole 

to 3650L

Ross 
Shaft

Generator Room

SURF Overview | Heise, September 2026



Sanford Underground Research Facility
South Dakota Science and Technology Authority

Long-Baseline Neutrino Facility (LBNF)
LBNF will host the Deep Underground Neutrino Experiment (DUNE)

23SURF Overview | Heise, September 2026

LBNF North Cavern



SNOLAB 

Status Update

Deep Underground Science Laboratory

Vale‘s Creighton mine, Sudbury

Northern Ontario, Canada

DEAP

SNO, SNO+ 

and more…

Creighton mine, Sudbury

Ontario

Depth 2070m (6010mwe)

Volume  37,241m^3



SNOLAB Science Program
Broad & Multidisciplinary

(Jodie Cooley 2026)

Free space 
in Cryopit





XLZD in 
Cryopit
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- Submitted slides
- Facility websites

- Previous reviewsSouthern Hemisphere
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Stawell Underground Physics Laboratory

• Operational since October 2023.

• Located within Stawell Gold Mines, operational mine 
~2.5 hours west of Melbourne, Victoria, Australia. 

• Research Space: 260m2 / 2500m3

• Radon: Limited access to 10 Bq/m3 from a surface air line. 
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Stawell Underground Physics Laboratory

SABRE South
Direct detection dark matter 

experiment.

Installation and construction 

phase.

CELLAR
Cryogenic Facility

Proteox MX dilution fridge

Operational 2026. 

Research Program:

• Quantum technologies

• Low mass dark matter

• Gravitational waves

Materials Screening
Future proposed capability. 

Future Proposals
Radiation biology facilities.

Clean room 20m2.  Trial 

Assembly

Complete
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Gran Sasso National Laboratory - LNGS

3800 m.w.e.

1.1 μ / (m2 h)

Area: 17.800 m𝟐

Volume: 180.000 m𝟑

Italy. Under Gran Sasso Mountains (<2hr frm Rome)
Shielded by 1400 m (3800 m.w.e.) of rock

Total Muon flux 3 10-8 cm-2 s-1

Radon ~100 Bq/m3 with 5-8 air changes/day
Largest lab in Europe

3 main experimental halls:
~100 m long, 20 m width and 18 m height
Established 1980s



Area: 17.800 m𝟐

Volume: 180.000 m𝟑

E. Previtali

Xenon-nT

Gran Sasso National Laboratory - LNGS



DS20K

BELLOTTI IBF

LVD

LEGEND-200CRESST

CUORE

DAMA/LIBRA

SABRE

LUNA-400

GEMINI

GINGER

STELLA ENTRANCE

EXIT

CUPID

BOREXINO

CUPID R&D

VIP

LIME/CYGNUS

COSINUS

COSMIC SILENCELNGS Experiments

o Running
o Construction/Commissioning
o Decommissioning

CRYOPLATFORM

CYGNO

Underground Surface: 17,800 m𝟐

Underground Volume: 180,000 m𝟑

XENONnT



Decommissioning of 
Borexino and re-arrangement 
of LNGS Hall C

LNGS Latest News   (A. Ianni 2026)

• Decommissioning of BOREXINO started and planned to be 

completed in June 2027
• 2. Cryoplatform installation in Hall B in advanced stage. It will 

handle two cryostats for testing new technologies and physics runs

• 3. CUORE experiment reached its goal of 3 ton x year exposure. In 
2027 there will be an upgrade of the cryogenic system to reduce 
vibrations. This new system will be used by CUPID

Hall C

Borexino 
removal

Hall B 

New Cryoplatform 
June 2026

XLZD here?



36The LSM Underground Laboratory

● Deepest site in Europe dedicated to 

astroparticle, nuclear & particle 

physics

● 4800 m.w.e: muon flux reduced by 

>106 relative to surface  

● Flexible access (hall accessible to 

trucks up to 9m); 

● Natural radioactivity due to radon of 

about 10-15 Bq/m3 

The LSM is a French National Research Infrastructure

● Experimental site midway in the 13km France/Italy highway road tunnel

● Surface lab (office, garage, small museum) 

Volume: 

3,500m3



LSM Science Programme

Perspective 2027: 

PRISME-LSM (Projet de 

Renforcement des Infrastructures 

Scientifiques de ModanE) project 

funded.

Seven phases under analysis for 

optimization of laboratory volumes 

(mezzanines, storage)

Science programme adapted to LSM size:

● Low-mass Dark Matter Experiments

● 0vBB demonstrators & technologies

● HPGe array for low-radioactivity

Experiment Domain Technology Description / Status

SuperNEMO 0νββ
Tracking/

calorimetry

0νββ demonstrator targeting T₁/₂ > 6×10²⁴ yr 
(²²Se); first physics results expected 2026–2027

BINGO 0νββ R&D Cryogenic
Demonstrator targeting background index of 10⁻⁵ 
counts/(keV·kg·yr). Clean room (ISO 4) 
commissioned.

TESSERACT
Light dark 

matter

Cryogenic 

bolometers

Expected 2028–2031; targets Ge, LHe, Al₂O₃, 
GaAs absorbers

DAMIC-M
Light dark 

matter
Silicon CCD

On-going commissioning for data taking end of 
2026; ongoing R&D with LBC Module (since 
2022)

MIMAC Dark matter
Directional 

TPC

Innovative prototype with pixelated readout for 
directional dark matter detection

Obelix

82-Se/ new 

sample 

ECEC2

Ge ionisation
Countied 6 kg enriched 82-Se for ECEC2 to 
excited states; stopped Feb 2026.

PARTAGe
Low 

background

HPGe 

spectroscopy

National / European platform for material 
radiopurity screening

RAMURE / 

CELL TEREO/ 

AQURA

Life 

sciences & 

metrology

Various
Radiation impact on biology, cell 
cryopreservation, quantum clocks

Tight occupation of the available 640m2 

Lab Space Optimisation Underway



Screening and Assay Facilities:  PARTAGe

First PARTAGe detector row ready

Evaporation of dewar 2.3 L/day 

leading to  1.1L/min of N2 Gas 

25 detectors in hands at LSM

15 installed in PARTAGe

5 detectors belonging to LSM

Footprint optimization for 

HPGe screening detectors



Canfranc Underground 

Laboratory, SPAIN

Depth = 800m 

Volume = 10,000m3



New – high sensitivity HPGe systems



Boulby 

Underground

Laboratory: 

Status and plans 

for the UK’s deep 

underground 

science facility.

See talk by Beth Green

- At this conference.

Sean Paling. Boulby Underground Lab. 2026



BUGS Material screening

Boulby Underground Lab Facilities 2024: >4000m3 class 1k & 10k 
(ISO 6 & 7) clean room lab space. 10Gb Internet. AC, air filtration, 
5T & 10T lifting, LN generation, fume hood & clean prep space. 
3000m3 Outside Experimentation Area (OEA) with power & 
internet. Supported access to wider mine environs.

3000m3 Outside 

Experimentation Area

Supported access to 
surrounding geology & UG 

environs. Power, 
wifi/internet.

Volume 4000m3

Depth 1,100m

(>2800 m.w.e.)

Radon <3Bq/m3

See Boulby Lab talk by Beth Green



Excavations for stage 1 of expansion 

by ICL-UK began in mid-2024. 

A new lab @ Boulby

Boulby Lab EXPANSION Project

Task 1: Site and design Development.
Stage 1: New multi-purpose science lab 

in salt (1.1km).   (2030)

Stage 2: New ‘XLZD lab’ 

in Salt (1.1km) OR 

Polyhalite (1.3km).

Phase 1 lab (salt 1.1km)

Stage 1 (2031/2)
Stage 2 (2032/4)

Stage 2 Polyhalite)

Total volume 
(Stage 1 + stage 2) 

~120,000m3 
Stage 2 

(Polyhalite?)

~(30m)3 main 

cavity

Stage 1 (Salt)

ISO 6                                     Radio-
assay

ISO 7

w
as

te

ta
n

ks

Temporary
  storage

15t 

Tran
sfe

r

Com
ponents in/out

Noble gas store
                                ODH enclosure

Facility 
control

sh
o

w
e

rs
/

la
u

n
d

ry

27 x 6 x 4.5
(20 x 9.2 x 4.5)

10 x 6 x 4.5 44 x 6 x 4.5

StoreGowning

18 x 10 x 6
   (20 x 9.2 x 4.5)
  storage on roof

28 x 8 x 12
(20 x 9.2 x 4.5)

12 x 12 x 7.2 

60 x 12 x 12
(65 x 9.2 x 4.5-15)

Personnel/Xe

to Stage 2 in salt

Electro-chem/Wet-lab 
below load platform
         12 x 12 x 6

16 x 12 x 7.2
(20 x 9.2 x 7.2)

Mine services 
feedrooms

6 x 6 x 3m deep 
assembly pit: 
15m headroom

12 x 12 x 12 

load platform, 7m height

28 x 8 x 12

40 x 12 x 10
  (40 x 9.2 x 7)

15 x 6 x 4.5
(20 x 9.2 x 4.5)

“office clean” route to obs window/platform

23 x 8 x 4.5 restrooms

Access drift to -1.3 km depth polyhalite

existing salt roadway

R
R

S
(+

R
R

S H
V

A
C

)

20t 

M
e

ss
 r

o
o

m
s/

o
ff

ic
es

 

32 x 6 x 4.5
(20 x 9.2 x 4.5)

storage

10 x 12 x 7.2
  (15 x 9.2 x 4.5)

Storage

18 x 8 x  10-12

32 x 6 x 4.5

03 Oct 2023 AB,DW,JH,PE
Last change 16 Nov 23 AB/JH/PE/DW 

to Stage 2 in polyhalite

ISO7

office

Assembly, Test, Store

Clean Manufacture

load platform, 7m height

286m

118m

<<<(1:8)

>>> (1:8)

>>> (1:8)

>> (1:20)

Cleaning/
debagging

Cleaning/
debagging

Waste tanks

W
aste tanks

0 100 200 300
Stage 1, salt, -1100m

North

Hall

South
Hall

(2031/2)

(2033/4)

DRAFT: 2-stage design



Stage 1: A new world-class multi-

disciplinary deep underground 

science facility.

Excavation underway – Aug 24

EXCAVATION NOW COMPLETE
Planning for laboratory outfitting now underway

Image Credit: A Ball, J Elmer, C Kinahan, J Hill et al. 



Stage 1 Outfitting

Stage 1 Lining 

Options

Surface Building Development

A new, world-class multidisciplinary science 
facility, complementing and succeeding the 
current Boulby laboratory

Stage 1 

Ventilation

13.3m

AMCO

Possibility for single shot or 
staged outfitting

SOP1SOP3 SOP2

North Gallery 

Basins

Staged outfitting phases (SOPs)



Plans for XLZD@Boulby
The international XLZD collaboration are looking at 4 
potential Underground Labs to host the project:
• SURF (USA)
• SNOLAB (Canada)
• LNGS (Italy)
• Boulby (UK)

Ongoing design & planning efforts for the XLZD 
Dark Matter & Rare-Event detector coming to Boulby

Boulby Offers
• A tailored-made laboratory!
• Excellent & proven UK science 

expertise and capability.
• Good / accessible location
• Strong Local / National support

XLZD @ 
Boulby

Latest news from XLZD-UK:
• New simulations show 

1.1km depth is fine for 
XLZD science ambitions

• Stage 2 in SALT is now 
Boulby Plan A.

• QUICKER and CHEAPER 
to deliver and operate

• Lab(s) in the Polyhalite 
layer are also still an 
option. 

Lower lab ~10m 
beneath Stage 1, 
joined by 14m 
diam. XLZD shaft

Stage 2 & Stage 1 in Salt

Host site decision 
2026/7?



World Deep Underground Science Labs

SNOLAB (CA)

SURF (US) LSC (ES)

Boulby (GB)

LSM (F)

LNGS (IT)

Callio Lab (FI)

Baksan (RU)

Kamioka (JP)

Jinping (CN)
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SUPL (AU)

11 national Deep Underground Labs currently in operation (others being considered) 
A large almost worldwide distributed infrastructure

PAUL (SA)
Andes (Ch, Ar)

Labs not covered in 
talk are included as 
additional slides



Sean Paling
STFC Boulby Underground Laboratory

Globally there is wide variety of excellent deep underground science facilities operating. (I believe) 

the underground science communities are well served by the facilities that have emerged to meet 

their various needs.

In the future:

• Science projects (and demands on facilities) will grow:

• Some large spaces needed, more stringent cleanliness and low background requirements, 

more severe engineering and technology challenges, and more.

• The underground labs will be (and are) looking to meet these needs.

Overview of World Deep Underground Science 
Facilities - SUMMARY

International Underground Lab cooperation.

• Benefit to be had from sharing of operational practices and possibly international coordination of 

use of space and support systems (low background counting etc)…    'NEXUS’ proposal funded

                    ‘EULIP’ proposal submitted



Additional Slides



BAKSAN Neutrino 

Observatory (Russia)

Misc Sources…

https://indico.stfc.ac.uk/event/1058/



Towards a new lab 

in South America?

Alberto Etchegoyen –

alberto.etchegoyen@iteda.gob.ar

Manuel Platino –

manuel.platino@iteda.gob.ar

Andeslab.org

mailto:alberto.etchegoyen@iteda.gob.ar
mailto:manuel.platino@iteda.gov.ar


Image from SANRAL/ZA

Paarl Africa Underground Laboratory 

~1300 m

A B

Approx. Cover (m)

A: 604 to 694

B: 511 to 551

North Bore

South  Bore

Huguenot Tunnel  – Du Toitskloof Mountain –

Potential Lab Locations A and B 

under ~800 m maximum rock overburden 

One of 3 proposed lab 

designs. ~

• 40m(L) x 16m(H) x 16m(W)

• Total volume of 10,240m3

     inc an access corridor 

Muography of tunnel: 1,5 
years of measurements 
in- and outside of tunnel

Muon tracker from 
J.Marteau (IP2I Lyon, FR)

Possible 

delivery 

2029/30

Plans for a new lab 

in South Africa
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